Acetylation of K40 in α-tubulin is the sole post-translational modification to mark the 29 luminal surface of microtubules. It is still controversial whether its relationship with 30 microtubule stabilization is correlative or causative. We have obtained high-resolution 31 cryo-electron microscopy reconstructions of pure samples of αTAT1-acetylated and 32 SIRT2-deacetylated microtubules to visualize the structural consequences of this 33 modification and reveal its potential for influencing the larger assembly properties of 34 microtubules. We modeled the conformational ensembles of the unmodified and 35 acetylated states by using the experimental cryo-EM density as the structural restraint in 36 molecular dynamics simulations. We found that acetylation alters the conformational 37 landscape of the flexible loop that contains αK40. Modification of αK40 reduces the 38 disorder of the loop and restricts the states that it samples. We propose that the change 39 in conformational sampling that we describe, at a location very close to the lateral contacts 40 site, is likely to affect microtubule stability and function. 41 42 ABBREVIATIONS 43 MT, microtubule; PF, protofilament; PTM, post-translational modification; MAP, 44 microtubule-associated protein; αTAT1, acetyltransferase TAT1 for α-tubulin; SIRT2 45 deacetylase SIRT2. 46 47 131 cryo-EM samples as previously described 2,26 of Ac 96 and Ac 0 MTs in the presence of end-132 binding protein 3 (EB3). EB3 served as a fiducial marker of the dimer that facilitated 133 alignment of MT segments during image processing 27 . Table S1 summarizes the data   134 
INTRODUCTION
Microtubules (MTs) are essential cytoskeletal polymers important for cell shape 49 and motility and critical for cell division. They are built of αβ-tubulin heterodimers that 50 assemble head-to-tail into ~13 polar protofilaments (PFs), which associate laterally to 51 form a hollow tube 1 . Lateral contacts involve key residues in the so-called M-loop 52 (between S7 and H9) in one tubulin monomer and the H2-H3 loop and β-hairpin structure 53 in the H1'-S2 loop of the other tubulin subunit across the lateral interface. These lateral 54 contacts are homotypic (α-α and β-β contacts), except at the MT "seam", where the 55 contacts are heterotypic (α-β and β-α contacts) 2 . MTs undergo dynamic instability, the 56 stochastic switching between growing and shrinking states 3, 4 . These dynamics are highly 57 regulated in vivo by multiple mechanisms that affect tubulin and its interaction with a large 58 number of regulatory factors. 59 One mechanism that cells can use to manipulate MT structure and function 60 involves the post-translational modification of tubulin subunits. Through the spatial-61 temporal regulation of proteins by the covalent attachment of additional chemical groups, 62 proteolytic cleavage or intein splicing, post-translational modifications (PTMs) can play 63 important roles in controlling the stability and function of MTs 5 . Most of tubulin PTMs alter 64 residues within the highly flexible C-terminal tail of tubulin that extends from the surface 65 of the MT and contributes to the binding of microtubule-associated proteins (MAPs) 6, 7 . 66 These PTMs include detyrosination, Δ2-tubulin generation, polyglutamylation, and 67 polyglycylation 8 . However, acetylation of α-tubulin on the K40 stands out as the only 68 tubulin PTM that localizes to the inside of the MT, within a loop of residues P37 to D47, 69 4 often referred to as the αK40 loop. This modification is carried out by α-tubulin 70 acetyltransferase αTAT1 and removed by the NAD + -dependent deacetylase SIRT2 and 71 by HDAC6 6, 9 . How the enzymes interact with the αK40 luminal loop, and whether this 72 "hidden PTM" has a causative or correlative effect on MT properties remain elusive. 73 Shortly after its discovery over 30 years ago 10 , acetylation of αK40 was found to 74 mark stable, long-lived (t1/2 >2 hours) MT subpopulations, including the axonemes of cilia 75 and flagella or the marginal bands of platelets 6,9 , and to Since the αK40 residue is less than 15 Å away from the lateral interface between 103 protofilaments, a possible model for the molecular mechanism of acetylation is that it 104 alters inter-protofilament interactions by promoting a conformation of the αK40 loop that 105 confers flexural rigidity, thus increases its resistance to mechanical stress-a 106 phenomenon called protofilament sliding 21, 22 Figure 3b ). For our symmetrized maps, 146 we were able to build residues S38-D39 and G44-D47 into the Ac 96 state and S38 and 147 D46-D47 into the Ac 0 state (Figure 1d, 1e ). Qualitatively, the maps suggest that the αK40 148 loop is slightly more ordered in the Ac 96 state, with the protrusion of density following 149 Pro37 extending away from or toward Asp48 in the Ac 96 or Ac 0 states, respectively. providing support for the vital α1K60:α2H283 lateral interaction (Figure 4) . In contrast, when 251 K40 is acetylated it packs ~10 Å closer to the globular domain of the α1-monomer, 252 reducing the potential for inter-monomer interactions (Figure 4) . 253 We tested whether the loss of the positive charge of the lysine upon acetylation 254 alters the electrostatic interaction energy and the hydrogen-bonding network at the lateral 255 interface using MD simulations based on the Debye-Hückel (DH) formula 34, 35 . We found 256 that acetylation does indeed weaken lateral interactions (Supplemental Figure 4) . 257 Additionally, the Ac 0 ensemble contains conformations with strong DH interaction 258 energies that do not exist in the Ac 96 ensemble (Supplemental Figure 4) . While the effects 259 of acetylation are subtle, the local effects at the lateral contacts site may have an additive 260 effect that stabilizes the MT lattice. This idea is consistent with previous work that argues 261 that the weakening of lateral interactions is a protective mechanism to prevent pre-262 existing lattice defects from spreading into large areas of damage under repeated 263 stress-a mechanism that could be exploited by cancer cells 21, 22 . and ( * the charges of the i-th and j-th atoms, respectively, |1 )* | the distance between 343 these two atoms, and 6 is the DH parameter 35 defined in terms of the temperature 7 344 and the ionic strength of the solution 8 9 .
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The DH energy is calculated between the following two groups of atoms, denoted Outliers ( 
